
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 





(u) Publication number : 0 560 656 A2 



EUROPEAN PATEMT APPLICATION 



(21) Application number : 93400574.5 
@ Date of filing : 05.03.93 



@ Int. Cl.^ C07C 51/145, C07C 51/10 



(g) 


Priority : 09.03.92 JP 50610/92 


(72) Inventor : Fujiwara, Yuzo 




16.04.92 JP 96429/92 


2-365, Kagamiyama 






Higashihiroshima-shi, Hiroshima 724 (US) 






Inventor : TakakI, Ken 


(g) 


Date of publication of application : 


11-8-201, Kaitacho-lnaricho 




15.09.93 Bulletin 93/37 


Aki-gun, Hiroshima 736 (JP) 




Designated Contracting States : 


@ Representative : Bourgognon, Jean-Marie et al 




DE FR GB NL 


Cabinet Rechner 22, Avenue de Friedland 






F.75008 Paris (FR) 




Applicant : SUMITOMO CHEMICAL 




COMPANY, LIMITED 






5-33, Kttahama 4-chonie Chuo-ku 






Osaka (JP) 





CM 
< 

CO 
lO 
CO 



CO 

in 



(g) Process for producing carboxylic acids by reaction of alkanes with carbon monoxide. 

(57) Lower carboxylic acids such as acetic acid, 
are produced efficiently firom inexpensive lower 
alkanes such as methane by allowing the lower 
alkanes to react with carbon monoxide In the 
presence of palladium and/or copper catalysts 
and salts of peroxy acids. 
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The present invention relates to a process for pro- 
ducing lower carboxylic acids and in particular, to a 
process for producing lower carboxylic acids which 
comprises allowing lower alkanes to react with carbon 
monoxide in the presence of palladium and/or copper 5 
catalysts and salts of peroxy acids. 

As processes for producing lower carboxylic 
acids, there have been known a process of oxidizing 
the corresponding aldehydes, alkanes, alkenes or 
the I ike and a process of carbonylation of methanol to io 
produce acetic acid. However, production of lower 
carboxylic acids from lower alkanes and carbon mon- 
oxide has never been known. 

The inventors have conducted intensive research 
on the reaction of alkanes with carbon monoxide and 15 
found that lower alkanes react with carbon monoxide 
in the presence of palladium and/or copper catalysts 
and salts of peroxy acids to give lower carboxylic 
acids. After further study, they have accomplished 
the present invention. 20 

That is, the present Invention provides a process 
for producing lower carboxylic acids which comprises 
allowing lower alkanes to react with carbon monoxide 
in the presence of palladium and/or copper catalysts 
and salts of peroxy acids. 25 
The present invention will be explained in detail. 
As the palladium catalysts, mention may be made 
of salts of palladium such as acetylacetonato salt, car- 
boxylates, oxides, halides, ammonium salts, sulfates 
and nitrates and coordination compounds thereof. 30 
Typical examples are Pd(NH3)2 (N02)2, Pd(NH3)2Br2, 
Pd(NH3)2Cl2. PdCl2 (CH3 CN), PdClz (PhCN), PdClz 
(1,5-C8Hi2), Pd(02CCH3)2, Pd(02CC3H7)2, Pd(CH3 
COCHCOCH3)2, PdBr2, PdCl2. Pdiz, Pd(CN)2. Pd(N03)2 

XH2O, PdO, Pd(OCOC2H5)2, PdS04 2H2O. Pd(02 35 
CCF3)2, [Pd(NH3)4](N03)2, [Pd(NH3)4] [PdCIJ, Pd(CH3 
CN) (BF4)2, PdCl2[(Ph)3P]2. and Pd[(Ph)3P]4. Among 
them, Pd(02CCH3)2. Pd(02CC2H5)2, Pd{02CC3 Hj)^ 
and PdClz are preferred. 

As the copper catalysts, mention may be made of 40 
oxides, halides, hydroxides, carboxylates, sulfates, 
nitrates and carbonates of copper. Typical examples 
are cuprous oxide, cupric oxide, cuprous chloride, 
cupric chloride, cuprous bromide, cupric bromide, cu- 
prous iodide, cupric iodide, copper hydroxide, copper 45 
acetate, copper oxalate, copper formate, copper 
naphthenate, copper stearate, copper sulfate, copper 
nitrate and copper carbonate. Copper acetate and 
copper sulfate are preferred. 

The palladium catalysts and the copper catalysts 50 
may be used in combination. Amount of the catalyst 
used is usually about 1 x 1Ch* - 1 x 10-^ mol per mol 
of the alkane. 

The salts of peroxy acids include, for example, 
salts of peroxy sulfuric acid and salts of peroxy phos- 55 
phoric acid. Typical examples are ammonium perox- 
ydisulfate, sodium peroxydisulfate, potassium perox- 
ydisulfate and potassium peroxydiphosphate. The 



amount of the salts is usually 50 - 200 molar equiva- 
lents based on the catalyst. 

Furthermore, trivalent phosphorus compounds 
may also be present. When alkanes of 3 or more car- 
bon atoms are used, distribution of the products is 
changed. For example, when propane is used, pro- 
portion of the iso-form products is increased. As ex- 
amples of the trivalent phosphorus compounds, men- 
tion may be made of the compounds represented by 
the following formulas: 

PR1R2R3 [I], P(NR42)3 [II], P(OR5)3 [III], 
PR6R7(CH2)nRR®R [IV] 
(wherein R\ R2, R3, R-*, R5, r6 and R^ each represents 
an alkyl group, a cydoalkyi group, an aralkyi group or 
an aryl group). More specific examples of the com- 
pounds are phosphines represented by the formula [i] 
such as trimethylphosphine, triethylphosphine, tri-n- 
propylphosphine, tri-isopropylphosphine, tri-n-butyl- 
phosphine, triisobutylphosphine, tri-t-butyiphosphine, 
tri-sec-butylphosphine, tricyclopropylphosphine, tri- 
cydohexylphosphlne, triphenylphosphine, tri-p-tolyl- 
phosphine, tri-p-methoxyphenylphosphine, tri-2,4,6- 
trimethylphenylphosphine, phenyldiisopropylphos- 
phine, d iethyliso propyl phos phine, ethyl-di-t-butylphos- 
phine, diethyl-t-butylphosphine, ethyldicyclohexyl- 
phosphine, methylphenylbenzylphosphine, diethyl- 
phenylphosphine, ethyldiphenylphosphine, diethyl- 
phenylphosphine and methyldiphenylphosphine, 
phosphines represented by the formula [11] such as 
trisdimethylaminophosphine, trisdiethylaminophos- 
phine, trisdi-n-propylaminophosphine, trisdiisopropy- 
laminophosphine, trisdi-n-butylaminophosphine, tris- 
diisobutylaminophosphine, trisdi-t-butylaminophos- 
phine and trisdicyclohexylaminophosphine, phos- 
phites represented by the formula [III] such as trime- 
thyl phosphite, triethyl phosphite, tri-n-propyl phos- 
phite, triisopropyl phosphite, tri-n-butyl phosphite, trii- 
sobutyl phosphite, tri-t-butyl phosphite, tricyclohexyl 
phosphite, triphenyl phosphite, tri-p-tolyl phosphite 
and tri-p-methoxy phenyl phosphite, and phosphines 
represented by the formula [IV] such as bisdiphenyl- 
phosphinomethane, 1,2-bisdiphenylphosphinome- 
thane, 1,3-bisdiphenylphosphinopropane. 1,4-bisdi- 
phenylphosphinobutane, 1 ,5-bisdiphenylphosphino- 
pentane, 1,6-bisdiphenylphosphinohexane. 1.2-bis- 
dimethylphosphinoethane, 1 .2-bisdiethylphosphino- 
ethane, 1.2-bisdicyclohexylphosphinoethane and 
1,2-bispentafluorophenylphosphinoethane. 

The trivalent phosphorus compounds are used 
usually in an amount of 0.1-1 00 mots, preferably in an 
amount of 0.1-20 mols per mol of the palladium and/or 
copper metal. 

Examples of the lower alkanes are those of 1^ 
carbon atoms such as methane, ethane, propane and 
butane. 

The reaction is carried out in the presence of sol- 
vents. Halogenated carboxylic acids such as trifluor- 
oacetic acid, trichloroacetic acid, monochloroacetic 
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acid and dichloroacetic acid and halogenated hydro- 
carbons such as perf luorohexane are usually used as 
the solvents. Amount of the solvents is usually about 
10-100 ml per mmol of the catalysts. 

The reaction of lower alkanes with carbon mon- 
oxide is usually effected under pressure. The pres- 
sure of lower alkanes is usually about 1-50 atm. The 
pressure of carbon monoxide is also about 1-50 atm. 
The reaction temperature is usually O-IOO'^C and the 
reaction time is usually about 1-50 hours. 

Thus, acetic acid, propionic acid, butanoic acids 
and pentanoic acids are produced from methane, 
ethane, propane and butane, respectively. After com- 
pletion of the reaction, the catalysis are removed by 
methods familiar to the skilled and then, the desired 
lower carboxytic acids are recovered by distillation 
and the like. 

According to the process o? the present inven- 
tion, lower carboxylic acids are easdy and efiic»endy 
produced from inexpensive lower <itk<ines and cartxjn 
monoxide. 

The present invention is ei(^i4v)»ned m more detail 
by the following nonlimiting <*«arTu>itf^ The yield is 
calculated from the following for rriu a 

Yield {%) = Amount of cartjuMylti. dcd produced 
(nnol)/amount of calalys^t metal <if>ul) k 100 

Example 1 

In an autoclave of 1 50 ml were charged palladium 
propionate (Pd(OCOC2H5)2. 0.05 mrriol). copper sul- 
fate <1 mmol), potassium peroxodisutfate (K2S2O4, 9 
mmol). tri-f luoroacetic acid (5 ml) and n pcrf luorohex- 
ane (2 ml). Then, methane (punt/, an Irsast 99%) of 40 
atm and cartx>n monoxide of 20 atm were charged to 
give totally 60 aim. 

Then, the content was heated to 80 C and stirred 
for 20 hours at that temperature and thereafter cooled 
to room temperature. The reaction mass was ana- 
lyzed by gas chromatography 

Yield of acetic acid was 1.300% (based on palla- 
dium metal). No by-products were detected except a 
small amount of propionic acid resu img from the cat- 
alyst. 

Example 2 

Example 1 was repeated except ihat no n-per- 
f luorohexane was used. 

Yield of acetic acid was 930% (based on palla- 
dium metal). No by-products were delected except a 
small amount of propionic acid resuming from the cat- 
alyst. 

Example 3 

Example 2 was repeated except that propane 
was used in place of the methane. 



Yield of butanoic acids was 660% (based on pal- 
ladium metal) and the ratio of n-form/iso-form in the 
product was 5/6. No by-products were detected ex- 
cept a small amount of propionic acid resulting from 
5 the catalyst. 

Example 4 

Example 1 was repeated except that no copper 
10 sulfate was used. 

Yield of acetic acid was 750% (based on palla- 
dium metal). No by-products were detected except a 
small amount of propionic acid resulting from the cat- 
alyst. 

15 

Example 5 

Example 1 was repeated except that copper sul- 
fate was used In an amount of 0. 05 mmol is place of 
20 1 mmol and no palladium propionate and n-perf luor- 
ohexane were used. 

Yield of acetic acid was 670% (based on copper 
metal). No by-products were detected. 

25 Example 6 

Example 1 was repeated except that no palla- 
dium propionate and n-perf luorohexane were used 
and copper sulfate (0.05 mmol), potassium peroxodi- 
30 sulfate (1 8 mmol) and trrf luoroacetic acid (5 ml) were 
used in place of 1 mmol, 9 mmol and 5 ml, respective- 
ly, and the stirring was continued for 45 hours in place 
of 20 hours. 

Yield of acetic acid was 4000% (based on copper 
35 metal). No by-products were detected. 

Example 7 

In an autoclave of 150 ml were charged palladium 
40 acetate (Pd(OCOCH3)2, 0.05 mmol), copper acetate 
(Cu(OCOCH3)2, 0.1 mmol), potassium peroxodisul- 
fate (K2S2O4, 9 mmol) and tr if luoroacetic acid (5 ml). 
Then, ethane of 30 atm and carbon monoxide of 20 
atm were charged to give totally 50 atm. 
45 Then, the content was heated to SO'C and stirred 

for 30 hours at that temperature and thereafter cooled 
to room temperature. The reaction mass was ana- 
lyzed by gas chromatography. 

Yield of propionic acid was 8000% (based on pal- 
50 ladium metal). No by-products were detected except 
a small amount of acetic acid resulting from the cata- 
lyst. 

Example 8 

55 

In an autoclave of 150 ml were charged palladium 
acetate (0.05 mmol), copper acetate (0.05 mmol), po- 
tassium peroxodisulfate (9 mmol) and trif luoroacetic 
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acid (5 ml). Then, propane of 1 0 atm and carbon men- 2. 
oxide of 20 atm were charged to give totally 30 atm. 

Then, the content was heated to 90*^0 and stirred 
for 20 hours at that temperature and thereafter cooled 
to room temperature. The reaction mass was ana- 5 
lyzed by gas chromatography. 

Yield of butanoic acids was 71 00% (based on pal- 
ladium metal) and the ratio of n-form/iso-form in the 3. 
product was 17/54. No by-products were detected ex- 
cept a small amount of acetic acid resulting from the io 
catalyst. 

Example 9 4. 

Example 8 was repeated except t hat the reaction is 
was effected at 70^C in place of 90°C. Yield of buta- 
noic acids was 3800% (based on palladium metal) 
and the ratio of n-form/iso-form in the product was 
3/16. No by-products were detected except a small 5, 
amount of acetic acid resulting from the catalyst. 20 

Example 10 



A process according to claim 1. wherein the pal- 
ladium catalysts are at least one compound se- 
lected from the group consisting of acetylaceto- 
nato salts, carboxylates, oxides, halides, ammo- 
nium salts, sulfates and nitrates of palladium and 
coordination compounds thereof. 

A process according to claim 1. wherein the pal- 
ladium catalysts are at least one compound se- 
lected from the group consisting of Pd(02CCH3)2, 
Pd(02CC2H5)2. Pd(02CC3H7)2 and PdClz- 

A process according to claim 1 , wherein the cop- 
per catalysts are at least one compound selected 
from the group consisting of oxides, halides, hy- 
droxides, carboxylates, sulfates, nitrates and car- 
bonates of copper. 

A process according to claim 1, wherein the cop- 
per catalysts are at least one compound selected 
from the group consisting of copper acetate and 
copper sulfate. 



Example 8 was repeated except that the reaction 
was effected at 60°C in place of 90*'C. Yield of buta- 
noic acids was 2240% (based on palladium metal) 
and the ratio of n-form/iso-form in the product was 
17/95. No by-products were detected except a small 
amount of acetic acid resulting from the catalyst. 

Example 11 

Example 8 was repeated except that the reaction 
was effected after triet hyl phosphite (0.1 5 mmol) was 
further added. Yield of butanoic acids was 5800% 
(based on palladium metal) and the ratio of n- 
form/iso-form in the product was 11/47. No by-prod- 
ucts were detected except a small amount of acetic 
acid resulting from the catalyst. 

Example 12 

Example 8 was repeated except that the reaction 
was effected after 1,2-blsdiphenylphosphinoethane 
(0.075 mmol) was further added. Yield of butanoic 
acids was 5500% (based on palladium metal) and the 
ratio of n-form/iso-form in the product was 2/13. No 
by-products were detected except a small amount of 
acetic acid resulting from the catalyst. 



Claims 

1. A process for producing lower carboxylic acids 
which comprises allowing lower alkanes to react 
with carbon monoxide In the presence of palla- 
dium catalysts and/or copper catalysts and salts 
of peroxy acids. 



6. A process according to claim 1. wherein amount 
25 of the palladium catalysts and/or the copper cat- 
alysts is 1 X 10-^ - 1 X 10-1 |y,ol per mol of the al- 
kanes. 

7. A process according to claim 1 , wherein the salts 
30 of peroxy acids are at least one compound select- 
ed from the group consisting of salts of peroxysul- 
furic acid and salts of peroxyphosphoric acid. 

8. A process according to claim 1 , wherein amount 
35 of the salts of peroxy acids is 50-200 molar equiv- 
alent based on the catalysts. 

9. A process according to claim 1 , wherein the lower 
alkanes are at least one compound selected from 

40 the group consisting of methane, ethane, pro- 

pane and butane. 

10. A process according to claim 1, wherein at least 
one solvent selected from the group consisting of 

45 halogenated carboxylic acids and hatogenated 

hydrocarbons is used. 

11. A process according to claim 10, wherein amount 
of the solvents is 10-100 ml per mmol of the cat- 

50 alyst. 

12. A process according to claim 1 , wherein the reac- 
tion is carried out at a temperature within the 
range of 0-1 OO^'C and under a pressure within the 

55 range of 1-100 atm. 
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(g) Process for producing carboxylic acids by reaction of alkanes with carbon monoxide. 



(57) Lower carboxylic acids such as acetic acid, 
are produced efficiently from inexpensive lower 
alkanes such as methane by allowing the lower 
alkanes to react with carbon monoxide in the 
presence of palladium and/or copper catalyste 
and salts of peroxy acids. 
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